Many scientists, healthcare providers, policy makers, and patients highly anticipate the application of biomedical technologies such as functional neuroimaging to the prediction, diagnosis, and treatment of mental disorders. The potential efficacy of such applications is controversial, and functional neuroimaging is not yet routinely used in psychiatric clinics. However, commercial ventures and enthusiastic reporting indicate a pressing need to engage with the social and ethical issues raised by clinical translation. There has been little investigation of how individuals living with mental illness view functional neuroimaging, or of the potential psychological impacts of its clinical use. We conducted 12 semi-structured interviews with adults diagnosed with major depression or bipolar disorder, probing their experiences with mental healthcare and perspectives on the prospect of receiving neuroimaging for prediction, diagnosis, and treatment planning. Participants discussed the potential role of neuroimages in 1) mitigating stigma; 2) supporting morally-loaded explanations of mental illness due to an imbalance of brain chemistry; 3) legitimizing psychiatric symptoms through objective representations of disorder; and 4) reifying disorder categories and links to identity. We discuss these anticipated outcomes in the context of participant lived experience and attitudes to biologisation of mental illness, and argue for bringing these voices into upstream ethics discussion.
Introduction
Ideas, concepts, and images from the brain sciences circulate widely in the popular culture and day-to-day life of industrialized societies (Cross 2004, Frazzetto and Anker 2009) , and many scholars have argued that this both reflects and contributes to a shift towards thinking of persons in terms of their brains; as 'cerebral subjects' (Ortega 2009 , Vidal 2009 or 'neurochemical selves' (Rose 2003) . The extent to which this phenomenon is driven by and focused on contemporary neuroscience rather than belonging to a broader historical movement that conceptualizes personhood in biological terms is a matter of debate (Vidal 2009 ). However, it seems clear that the increasing biologization of mental illness has shifted the psychiatric gaze towards the understanding of humans as neurological or neurochemical beings (Abi-Rached and Rose 2010 , Dumit 2003 , Ortega 2009 , Rose 2003 , Vidal 2009 ). This way of thinking is also reflected in public perceptions. In 2006, for example, 67% of Americans surveyed attributed mental disorder to neurobiology as compared to 54% in 1996 (Pescosolido et al. 2010) . The development of a biologically-oriented psychiatry is thus situated in a broader discourse that concerns the relationship between personhood and the brain, shapes notions of causality, blame, and agency, and defines how mental illness is treated and perceived.
Neuroimaging technologies such as functional magnetic resonance imaging (fMRI), positron emission tomography (PET), and single photon emission tomography (SPECT) are used to investigate the functional anatomy and neurochemistry underlying psychological processes. Many mental health providers and neuroscientists hope that research with these technologies will lead to more accurate diagnosis and prediction of different psychiatric illnesses, and will allow them to better target and tailor treatment (Agarwal et al. 2010 , Demirci et al. 2008 . However, recent research suggests that attitudes among practicing neuroscientists (Pickersgill 2009 (Pickersgill , 2011 and mental health providers (Borgelt et al., 2011) are not straightforward, as many express ambivalence toward such therapeutic promise. Other scholarly work originating in the social sciences has questioned the ethics of outcomeoriented translational research (Maienschein et al 2008) . Still, the steadfast goal of translational neuroscience as expressed by leaders in North American research funding organizations is to 'reconceptualize disorders of the mind as disorders of the brain and thereby transform the practice of psychiatry' (Insel and Wang 2010 , p. 1970 ). Indeed, a brain disease model of mental illness is reflected in the Research Domain Criteria (RDoC) of the US-based National Institutes of Mental Health, which aim to ' [foster] research that translates findings from basic science into new treatments addressing fundamental mechanisms that cut across current diagnostic categories' (NIMH 2010).
The impact o f biological reconfiguration of mental illness should not be considered merely in the context of diagnostic accuracy or treatment specificity. As Deacon and Baird (2009) , Rose (2003) , Boyce (2009) and others have emphasized, a neurochemical explanation affects how mental illness is understood by patients, practitioners, publics, and the institutions that determine access to care. Further, categorization is never a matter of carving nature at the joints, even at an apparently objective, biological level. Instead, psychiatric categorization proceeds via interactive 'looping effects' (Hacking 1999 ) that traverse practices and policies, popular and scientific descriptions, and local forms of knowledge to produce certain kinds of people and ways of relating to oneself and others. For many clinicians, scientists and advocates are motivated not just by a commitment to a neurobiological level of explanation, but also by the desire to reduce stigmatizing attitudes, and to legitimize mental disorder as a bona fide medical condition (Illes et al. 2009 ).
An emphasis on neurobiology can also divert attention from the complexities of living with mental illness. As Choudhury et al. (2009) commented, 'the reduction of psychiatry to neurobiology tends to neglect phenomenological insights, biographical accounts of the person and the meaning-that is, the social, cultural, moral or spiritual significances -of mental illness or interventions ' (p.71 ). This affects not only treatment choices, but also practical advice about how people living with mental illness should approach their lives. For instance, clinicians might explain the risks of consuming alcohol while on antidepressants in terms of the way in which synaptic reuptake of the medication is affected. Individuals seeking mental health care are thus increasingly expected to manage their mental health through the knowledge they acquire about their brains (Rose 1998) . In this context, while functional neuroimaging is not yet routinely used in the psychiatric clinic (Linden and Fallgatter 2010) , it is important to note that the commercialization of SPECT scans in a small number of private clinics (e.g., Amen 2012, Mind Matters Clinic of Texas 2012) is already associated with arguments about the efficacy of neuroimages in advocating for treatment adherence (Johnson 2008) .
We believe that discussion about the ethics of potential clinical translation, particularly for technologies whose efficacy, conceptual grounding, and psychological impact remains controversial, must be informed by the attitudes and experiences of those who are implicated in the epistemological and ontological shifts these technologies imply. Here, we interviewed adults with diagnoses of major depression or bipolar disorder, probing their experiences with mental health care, and their perspectives on the potential use of functional neuroimaging for diagnosis, prediction, and treatment decision-making. These mood disorders are the target of much neuroimaging research and are at the forefront of developments in clinical translation (Agarwal et al. 2010) . They represent a significant burden of disease (American Psychiatric Association 2000 , Health Canada 2002 , are a source stigma and discrimination, and are widely discussed in popular culture.
This work is situated within the developing field of empirical bioethics (Borry et al. 2005) which argues that empirical sociological research can both inform the content of ethics analysis, and act to shift the focus of ethical reflection toward the specific, lived moral experience within which costs and benefits take on their individual meaning (Kleinman 1999) . Our approach thus invokes Draper and Ives' (2007) concept of social science in rather than for bioethics, while acknowledging that this semantic play does not eliminate the need for normative work in negotiating the is/ought distinction. The work of Widdershoven et al. (2008) in the psychiatric domain demonstrates the value of a qualitative approach as an important empirical complement to conceptual ethics analysis and to commercial claims about the impact of emerging neurotechnologies on assumptions about mental disorder.
In this interview-based qualitative research, we probed participants' views on the future application of neuroimaging technologies in psychiatry. Our questions were thus necessarily prospective, but discussion and analysis was grounded in participants' present experience of having a mental illness. In particular, we attended to the ways in which participants negotiate brain-based concepts of disorder, and how this negotiation contributes to selfshaping, social attitudes, and healthcare practices. This allowed us to contextualize expressed attitudes to hypothetical clinical scenarios with a rich understanding of the meanings these scenarios might have for participants whose experiences with diagnosis and treatment are far from hypothetical.
Methods
The interviews discussed here are part of a larger study investigating the perspectives of stakeholders on the potential use of brain mapping methods for prediction and diagnosis of mental disorder, and for targeting and monitoring of pharmaceutical treatment. The University of British Columbia (UBC) granted research ethics approval, and the Vancouver Coastal Health Research Institute granted institutional approval.
Recruitment
Participants were recruited from the community of a large metropolitan area in British Columbia, Canada. Notice of the opportunity to participate was distributed by mass email within the local health authority system, and poster advertisements were displayed in community mental health centres and on the website of the Mood Disorders Association of British Columbia. Respondents were screened by telephone or email to determine eligibility, and they had to be age 19 or older, self-report a primary diagnosis of either unipolar depression or bipolar disorder (I, II, or NOS), and be fluent in English. Recruitment and analysis ceased once theoretical saturation was reached in the categories described below (Lincoln and Guba 1985) .
Sample Characteristics
The sample of 12 divided evenly between men and women, and the average age was 44.6. Five participants reported a primary diagnosis of depression, and seven of bipolar disorder. Seven participants held a university degree, two completed some college or university courses, and two completed high school. One participant was employed part-time, two fulltime, two were students, and two were working as volunteers. Five were not employed at the time of the study.
Interview Design and Data Collection
The interview guide was developed from results of a survey study by Illes et al. (2009) in which a comparable population emphasized potential benefits of neuroimaging over potential burdens. After administering a brief demographic questionnaire, interviewers in the current study provided general information to establish baseline knowledge about neuroimaging technologies and their role in mental health research. All participants were informed that brain scans can give information about the structure and function of the brain, that researchers hope to be able to use them in future clinical applications, and that having a brain scan or a genetic test to diagnose mental health issues is currently not an option. We faced a similar challenge that Barr and Rose (2008) described in their prospective analysis of pharmacogenomics testing for depression in that we had 'to simultaneously introduce the topic to respondents whilst asking their views on it' (p.947). We reflect on these concerns in the DISCUSSION below.
The face-to-face semi-structured interviews lasted 30-50 minutes. Participants were first asked to speak about their experiences with diagnosis and mental health care. The interview continued with questions intended to explore their attitudes, beliefs and perceptions about neuroimaging, its potential use in the clinical setting and other concerns as they arose.
Interviews were conducted separately by two of the authors (DZB & ELB) in a private room in the Institute of Mental Health at UBC between February and September 2009. Written informed consent was obtained at the time of the interview, and participants were compensated for their time with a gift certificate and reimbursed for transportation costs. The interviews were recorded digitally, de-identified, and transcribed verbatim. For one interview, technical difficulties prevented audio recording; the interviewer's notes were included in the analysis in lieu of a transcript.
Data Analysis
We conducted a qualitative analysis of the interview transcripts, drawing on discourse analytic approaches (Wetherell et al. 2007, Wood and Kroger 2000) . For the purposes of this study, we define discourse as a way of thinking or speaking in a particular context, such as the psychiatric clinic, that encourages people to relate to themselves and one another in particular ways (Foucault 1972) . Our analysis focused on conceptual themes rather than on fine-grained linguistic or conversational details. We specifically examined the ways in which participants conceptualized mental illness and the brain, and invoked these concepts in their discussion of neuroimaging technologies. Further, we attended to how these concepts are contextualized in the individual's experiences, their decisions about treatment and plans for the future, and their personal, social, and clinical relationships. We thus hope to ground our interpretation of participants' expressed attitudes, and broader discussion about the ethics of translation, in the complex situations in which these technologies may or may not affect ways of thinking, communicating, or acting.
In order to describe key themes and concepts arising in participants' narratives, the same authors who carried out the interviews engaged in a constant comparison analytic process (Glaser and Strauss 1967, Lincoln and Guba 1985) . Analysis was informed by our existing understandings of the ethical issues surrounding translation, neuroimaging in mental health from the literature and the Illes et al. (2009) survey data. After several independent reviews of the interview transcripts, ELB and DZB began with open coding to create a list of broad categories and concepts arising from the data. Selective coding was then used to identify and expand on pertinent dimensions, category properties, and connections amongst the codes. The resulting codes were applied, checked for consistency, alternative interpretations or disagreements debated, and the coding scheme modified, continuing until a final coding framework was developed. This framework helped us to establish four key themes that relate specifically to the study participants' perspectives on potential roles for neuroimaging in predicting, diagnosing, and treating mental illness. In a final iterative stage, two authors (DZB and LW) revisited the narratives and further interrogated them for narrative fragments to structure discussion of the central themes. HyperRESEARCH™ (http:// www.researchware.com/) was used for data management and to provide a visual tool for organizing the emerging themes. All participant names are pseudonyms.
Findings 1) Mitigating the effects of public stigma and social distance
Concerns about stigma were often associated with participants' desire to use brain scans to destigmatize their experience in the eyes of other people. Many also expressed the belief that brain scans would provide a more medical, concrete argument for their disorder than a symptom-based DSM-IV diagnosis. SOPHIE told us that: SOPHIE: The problem I have with self-reported symptoms being interpreted first by me then interpreted by a psychiatrist and then matched up against some DSM criteria is just… witch doctor-y. Anything that makes it a medical test would make me feel more comfortable identifying [depression] as a medical issue, instead of, as many Canadians believe it to be, an excuse for bad behaviour.
A judgment that someone is 'badly behaved' implies both that the person could have acted otherwise, is deserving of blame, and that the behaviour has a negative consequence for others. MAI explains:
MAI: People will look at someone who is not well mentally, and they'll just be afraid of them. But if they could see what type of behaviour, with the picture of a brain, the general public wouldn't be as afraid and they could see, 'oh, yeah, poor thing.' Right? It would be like having a brain tumour.
In invoking a reduction in blame that might arise from a biological explanation for behaviour -one that might arise from having a brain tumour, for example -MAI invokes a reduction in social distance and fear of others. MAI is speculating that a picture of the brain would reduce social distance from those unfamiliar with and fearful about mental disorders. She implies not just that a picture of the brain would increase sympathy, but that it would reconfigure public ideas about the type of fearful behavior associated with mental disorders. As Angermeyer and Matschinger (2005) suggest, many of the behaviors associated with mental illness may not be undesirable or frightening per se, rather they become so because of the way they are interpreted. Marie and Miles (2008) have also found that the more familiar people are with a particular mental disorder such as schizophrenia, the less likely they are to express negative reactions towards, or desire greater distance from a person with that disorder (see also Angermeyer et al. 2004 ).
It has frequently been argued by healthcare professionals, patient advocates, and government institutions that if the public could be persuaded that mental illnesses are brain diseases and thus beyond the individual's control, then the stigma, blame, and moral failing attributed to individuals living with mental illnesses would decrease (Corrigan et al. 2002) . Many of the participants reflected and expanded on this argument, but it is unclear whether public attitudes will follow suit. Indeed, a growing body of research suggests that varying degrees of public stigma and social distance are actually increased when mental illness is attributed to genetic or biological underpinnings (Bennett et al. 2008 , Pescosolido et al. 2010 , Phelan 2005 , Schnittker 2008 ). SOPHIE and MAI'S narratives draw our attention to the fact that people who are the intended beneficiaries of stigma reduction campaigns are also members of the audience, and may internalize a stigma-reduction message while the society around them fails to do so. Link et al. (1999) found that many Americans perceive an imbalance in neurochemistry to be among the primary causes of mental illness. Indeed, healthcare providers often use the explanatory paradigm of a neurochemical imbalance to communicate with their clients, who often adopt this language as well (Fekete 2004 , Fullagar 2009 , Schreiber and Hartick 2002 . As with attempts to use disease models to reduce stigma, the use of such 'intellectual techniques' (Rose 1998 ) by practitioners may be motivated by a desire to reduce the extent to which clients blame themselves. However, the use of neurochemical explanations also reflects and implicitly endorses particular classification systems and theories of disorder, with important implications for treatment decision-making and adherence. In the context of depression, neurochemical imbalance explanations are intertwined with the 'pharmaceuticalisation' of health problems (Williams et al. 2011) , the controversial serotonin hypothesis of depression (Lacasse and Leo 2005) , and with the associated development and marketing of Selective Serotonin Reuptake Inhibitor drugs (SSRIs). For example, the website for pharmaceutical giant Pfizer Inc's Effexor XR®, a drug that targets both serotonin and norepinephrine, states that, '[i]t is believed that correcting an imbalance of these two chemicals may help relieve symptoms' (Pfizer Inc 2010, emphasis ours).
2) Supporting morally loaded explanations of mental illness as due to an imbalance of brain chemistry
The notion of imbalance is also tightly tied to the prescription of lithium as a mood stabilizer to achieve a balance between the cycling of mania and depressive episodes characteristic of bipolar disorder. While SSRIs and lithium are beneficial to many individuals, they also have serious side effects, and recent studies have challenged the efficacy of SSRIs in mild to moderate depression (Fournier et al. 2010 , Turner et al. 2008 , Kirsch et al. 2008 . The emphasis on neurochemistry, with the corollary that the imbalance ought to be corrected with medication, is thus far from innocuous. The problem of pharmacological specificity in psychiatry was reflected in many participants' hopes that, in addition to suggesting a diagnosis, a brain scan would point to imbalances that implicitly require correction by a particular pharmaceutical. This desire was often reported in the context of negative experiences with trying many different medications to find an acceptable combination of benefit and side effects; a process BRYAN described as 'trial and error' and 'more art than science'.
In discussing a recent clinical encounter, BRYAN reports:
BRYAN:
The doctor that I've been seeing was the first doctor to actually say, 'Listen, you're never going to feel normal…you have a brain imbalance…you're going to go up and down for the rest of your life unless you correct it with medication.'
The certainty with which the neurochemical imbalance explanation is expressed by BRYAN's doctor may discourage individuals like him from exploring other psychosocial or environmental factors that contribute to their mood 'going up and down'. Indeed, Deacon and Baird (2009) found that chemical imbalance explanations, unlike biopsychosocial explanations that do not exclusively privilege biological, psychological or social explanatory models, led to decreased personal and moral responsibility for depression, a worsened prognosis, and the belief that psychosocial interventions were ineffective. The reported speech elides brain imbalance, unstable mood, and contentious concepts of a normal state, which may imply to BRYAN that having an imbalanced brain somehow makes him out of balance and therefore abnormal. It is also important to note that BRYAN describes a 'brain imbalance' rather than referring to neurochemistry, but there is still a direct association between imbalance and pharmaceutical treatment strategies: the brain is implicitly to be understood on the neurochemical level.
MIKE describes, in folk neuroscience terms, how his serotonergic neurotransmitters might relate to his sense of 'well-being':
MIKE:
The chemicals in your brain control your sense of well-being. And I guess my serotonin doesn't sit in the right part of the synapse that it's supposed to.
Here, neurobiological images and psychological explanations are again intertwined (cf. Hatfield 2000 , Pitts-Taylor 2010 . In locating his disorder in his synapses, MIKE makes his depression an individual problem. This view is potentially isolating in that it seems to imply that the source of his problem is with him (Dumit 2003) . Unlike BRYAN, MIKE does not report what his doctor said to him, but his use of 'I guess' and simplified technical language suggests that the neurochemical story he tells is a received view whose premises are not fully understood, nor straightforwardly accepted. This highlights a potential point of resistance -if an overly simple neurochemical explanation is presented to clients, or if the depth of knowledge required to make the story work is not present, they might challenge its legitimacy. Indeed, the acceptance of a neurochemical explanation did not necessarily imply acceptance of a pharmaceutical approach. Returning to BRYAN: BRYAN: My brain chemistry is probably more fluctuating than most people but I don't know if I disagree -I don't know if I agree that I need to be medicated for the rest of my life.
When talking with participants about the potential use of brain scans in the clinic, implicit acceptance of neurochemical imbalance explanations was also combined with skepticism about how this might be confirmed: BRYAN: I've been on Zoloft for almost 20 years, and I don't know whether that might be, you know, changing the shape of my brain. I know that it has an impact on neurotransmitter behaviour, but is it doing something physical? I don't know.
Such questions suggest that neurochemical imbalance explanations are not obviously congruent with what these participants perceive as a physical image of the brain. It is an interesting question whether future research will lead to shifts in understanding that allow brain scans to be more directly interpreted as illustrative of imbalance, potentially allying the authoritative framing device of chemical imbalance with the desired objectivity of a physical image (see also SECTION 3 below).
Our findings suggest that while participants may employ the language of neurochemical imbalance, integrate its reductive corollaries into the way they relate to themselves, and face institutional emphasis on corresponding pharmaceutical approaches to treatment, local points of resistance are available. As BRYAN demonstrates, this may involve accepting a neurochemical explanation while resisting pharmaceutical treatment. It may also involve the selective application of biological frameworks to only some areas of the individual's life, or a skeptical attitude to the testability of such explanations, as expressed above by ANJALI. Healy (2003) describes the way in which the rising popularity of Freudian ideas in the mid 20th century led to the use of terms such as 'complexes,' 'defense mechanisms,' and 'repression' in ordinary language, but in ways that bore little resemblance to their original theoretical constructs. Likewise, our participants' use of neurochemical imbalance language was not scientifically accurate, and was often used to describe their mood or experience rather than to communicate scientific knowledge. These findings also reflect the complex and sometimes seemingly contradictory ways in which people integrate notions of a disordered brain into a concept of a self that at once has and is a brain (e.g., Martin 2007 ).
3) Legitimizing experience through objective, authoritative representations of disorder
As aesthetically pleasing and immediately recognizable images, brain scans are an important conduit for the passage of functional neuroimaging research into the public imagination, and are often a locus of belief and hype (Beaulieu 2000 , McCabe and Castel 2008 , Racine et al. 2005 , Roskies 2007 ). This hype is partly grounded in the assumption that neuroimages represent snapshots of brain activity, imbued with the presumed integrity and validity of photography as a mode of capturing reality. However, neuroimages are not photographs: they are highly mediated representations of indirect measurements of neuronal activity that undergo many stages of processing and interpretation (Roskies 2008) . Neuroimages also share in the epistemic appeal of medical images that reveal the interior of the body, an apparently superior way of knowing oneself (Lefevre et al. 2003 , Joyce 2005 , Roskies 2007 . As ANJALI stated: 'It's my brain. It would be fun to see something that I can't actually see.'
In the context of their apparently objective, medical status, participants often saw brain scan images as a more morally neutral vehicle for communicating about mental illness. Recalling the narrative fragments from SOPHIE and MAI, PAUL speaks to the idea that a neuroimage might reconfigure the meaning of his experience: PAUL'S description of having a CT scan suggests that the image of his brain serves to mark the distinction between a real PAUL who is experiencing 'brain loss and function' from a 'crazy' PAUL. This distinction may serve a therapeutic function (Cohn 2010 , Fekete 2004 , Martin 2007 , as the neuroimage helps PAUL to find 'acknowledgement' of his experience, grounded in a powerful representation that bears the marks of transparency, trustworthiness, and authority.
While PAUL describes the neuroimage as having an acknowledging or legitimizing effect, other participants ascribed explanatory power to the neuroimage, as in MAI'S discussion: Participants like MAI do not necessarily see themselves in the neuroimage, rather the neuroimage is a window onto a biological level of explanation that may have previously felt more nebulous. The importance of the certainty attached to a physical image of mental disorder was also evident in the way that participants contrasted the presumed objectivity of the scan with conventional symptom-based classification tools such as the DSM: ANJALI: Well, so much of it is subjective, and that's why I'm actually interested in the brain scanning because I want to see how many of these things that are subjectively diagnosed have an objective, physical reality.
Like ANJALI, many participants used words such as 'objective' and 'concrete' to convey what a neuroimage of mental disorder offered them, or expressed the implications of physicality through medical or mechanical metaphors: BRYAN: You can't argue with the x-ray that shows a broken bone…if you end up with brain scan data that gives you the equivalent picture of a broken brain…that's a good thing.
As with neurochemical imbalance explanations, the brain scan not only represents objective evidence but can also be a powerfully persuasive tool in arguing for biological understandings and treatments for mental disorder. As well as expressing fascination with the prospect of having a brain scan, many participants speculated that this form of visualization would change how they make sense of and manage their diagnosis:
MIKE:
[If] I had a brain scan and I could be shown concretely that this is legitimate, then I would have believed it more and actually followed up on it.
MIKE'S narrative echoes earlier suggestions that legitimization of biologically-based disorders might introduce new thresholds for seeking treatment for mental health problems, and support an emphasis on particular treatment approaches and on client responsibility for adherence.
4) Reifying disorder categories and their links to identity
This fourth major theme in our findings reflected concerns that brain scans of particular disorder types will reify contentious categories of disorder (Dumit 2003 , Joyce 2005 . The role of functional neuroimaging in the endeavor to move away from the symptom-based criteria of the DSM toward a biologically-based nosology is controversial (e.g., Demirci et al. 2008 ). However, many participants expressed a desire to know if their disorder could be seen in the brain. A possible corollary of such statements is that imaging can locate true bipolar or schizophrenic disorder in the brain, and obscures the fact that the diagnostic constructs that guide functional imaging studies are themselves culturally and historically specific. Here, as with controversial claims about the positive impact of neurobiological explanations on public stigma, participants' attitudes generally echoed the promotional messages surrounding biologically oriented psychiatric research rather than the more skeptical discourses that accompany it.
SOPHIE also reported a desire to use neuroimaging to find out what kind of brain she had and, specifically, if it was different: SOPHIE: I'm morbidly curious about getting a brain scan, just because I want to know, like, is my brain different? Is there something there?
ANJALI invoked a notion of brain-difference through metaphorical language, describing what a healthy versus mood-disordered brain might look like:
ANJALI: I like to think that we have little wires running through our brain, and, you know, there's a healthy person -someone who's mentally stable and balanced -and also…people that suffer from depression, bipolar, and they all have similar, little broken wires in their brain. Dumit (2003) argues that when people see scans of different kinds of brain -in the media, in scientific articles, or in physician's offices -they are invited to ask which of those categories they belong to, 'Or more starkly: am I normal?' (Dumit 2003, p.36) . This use of the neuroimage to arbitrate categories of normality implies an objective self that Dumit defines in terms of 'our taken-for-granted notions, theories, and tendencies regarding human bodies, brains, and kinds considered as objective, referential, extrinsic and objects of science and medicine' (Dumit 2003, p.39) . ANJALI could be seen as engaging in her own process of objective self-fashioning by describing metaphorically the kind of brain she and others with depression or bipolar disorder have, and linking a diagnostic category tightly to her identity by placing it in the register of the medicalized body. A key component of the location of mental illness in the biological realm is the use of physical metaphors such as ANJALI's 'broken wires', or BRYAN's earlier description of the disordered brain as 'broken bone'.
How the potential introduction of functional neuroimaging into the psychiatric clinic will affect the concept of mental illness, shape categories of normality, and affect the values associated with one diagnostic category or the other remains an open question. In our findings, it is not clear that fashioning an objective self through the metaphor of broken wires actually drives ANJALI's understanding of her experience. Likewise, SOPHIE, above, wants to know if the neuroimage will signify a difference, but does not imply that the lack of such a difference would call the very existence of her disorder into doubt. However, even if brain scans do not produce a dramatic shift in self-identity, their cultural and institutional uptake has direct implications for the kind of clinical and social treatment that people receive.
BRYAN invoked the 'tremendous difference' that knowing he had a bipolar brain would have made to his life, both legitimizing his disorder and allowing him to obtain treatment at an earlier stage. We recall also MIKE's suggestion that an early diagnosis would have affected the way he managed his illness. In the context of an increasingly dominant biological psychiatry, how neuroimaging confirmation of disorder would affect the management of illness, and whether it would deliver the benefits he anticipates is unclear. What does seem clear is that discussion about the overarching ethic and scientific validity of a biologically-based diagnosis, and the use of neuroimaging in this context, must recognize the complex implications for individuals whose illness journeys have often been colored by the struggle to obtain a satisfying and instrumentally useful explanation of what has ailed them.
Discussion
Our findings are consistent with the three rhetorical moves of imaging technologies articulated by Joyce (2005) : the neuroimage is akin to 'the real thing', like the 'neurorealism' described by Racine et al. (2005: 160) ; it represents 'a better, more objective, neutral technique' (Joyce 2005, p.441) to access truth than individual's subjective reports; and it becomes 'a core participant in the production of knowledge' (Joyce 2005, p. 443) .
Participants in this study describe the desire to use a neuroimage to objectify otherwise subjective experience, rendering their mental disorder biological, external, less blameworthy, and less frightening to others. Participant discussion thus reflected many elements of scientific and public discourse surrounding the anticipated benefits of an increasingly biologically-based psychiatry, raising important questions about the epistemology and ontology of mental disorders in relation to new biotechnologies, and about how expectations of clinical benefit should be handled in communication about what neuroimages might show. Evidence that an underlying neurobiological component is only one part of the complex dysfunction that characterizes mental disorder brings into question the degree to which it will ever be sufficient to focus on a single biological approach -or any other epistemological framework (Gillett 2009, Patil and Giordano 2010) . In this context, it is of concern that concepts of mental disorder as brain disease can provide powerful justification for brain-based interventions that might not otherwise provide a favorable balance of risks and benefits. The high level of hope and expectation participants expressed about psychiatric neuroimaging suggests that they are persuaded by the idea of what neuroimaging might be able to do for them.
The upstream integration of participant's perspectives regarding the complexities of living with a psychiatric diagnosis into ethics discussion also enables us to advance new questions about the relationship between the epistemological hopes associated with neuroimages, the ontological assumptions about mental disorder associated with these hopes, and the ways in which they may or may not effect changes in self-concepts, behaviour, and social attitudes.
Our findings also point toward normative concerns. For example, our analysis suggests that without a broader shift in attitudes, a neuroimage may fail to disentangle mental illness from the moral judgments often attached to a diagnosis. Participant discussion also suggested that the entanglement of concepts of mental illness with associated moral judgments might be less easy to challenge when viewed through the lens of an objective, medicalized image of disorder; the apparent objectivity of a brain scan allows people to disclose their disorder/self in a vocabulary imbued with independence and authority. However, we also found points of resistance to metaphorical neurochemical stories, the ability of brain scans to promote treatment adherence, and to the possibility that neurochemical explanations could be revealed in a brain scan.
The neurochemical explanation for mental illness was a particularly striking theme, consistent with the increasing diffusion of neuroscientific claims in industrialized societies. Concepts such as 'chemical imbalance' have come to be associated with health and wellbeing, and provide a morally-laden basis on which individuals reflect and assign meaning and value to life. Our findings illustrate that the judgments and imperatives derived from explanatory models such as the neurochemical imbalance explanation may be both complex and hard to predict.
As a qualitative study that aims to inform future discussion about clinical translation with the voices of a targeted population, there are several limitations that merit commentary. The analysis presented in this paper is our interpretation of what participants reported about their perspectives on neuroscience and neurotechnologies, and we do not make claims about generalizability. We attempt only to offer a glimpse into the complexities of individual narratives surrounding mental disorder as negotiated by their understanding of neuroscientific technologies, explanations, and concepts. As with any anticipatory enquiry or upstream stakeholder engagement process, it is important not to assume that participants' prospective attitudes will map directly onto how they would feel should these scenarios come to pass. By analyzing prospective attitudes in the context of participant experiences of the diagnostic and therapeutic functions translation is intended to serve, our goal is to bring a concrete and rich understanding of what these attitudes might mean for the individuals involved and to orient ethics discussion in this direction.
It is also important to be mindful of how the researchers' values and interests might influence both participant responses and the interpretation of participant narratives. In the study descriptions and during the interviews we tried to avoid appearing to advocate for or against the applications we discussed. However, given the framing of the study and our host site, we may have encouraged attention to both the hopes and concerns surrounding these technologies. In addition, many of the participants in the study are currently involved with the mental health system, and often reported lengthy and sometimes difficult searches for a satisfactory diagnosis and treatment regimen. Our participants were perhaps more likely, therefore, to favour research that might extend the ability of health care providers to their needs, and to discount risks.
Technologies such as functional neuroimaging, and the cultural and scientific discourses surrounding their clinical translation, are advancing faster than understandings of how these technologies shape moral experience, and how society collectively sees, judges, governs and acts upon normality and abnormality. Anticipatory ethics using empirical sociological and anthropological techniques is one way to approach this problem. Researchers can explore what really matters for individuals and communities, and how values that are considered important in everyday encounters might be threatened, promoted, or even left unchanged by the integration of emerging clinical biotechnologies. In such work, it is important to remember that perspectives of research participants are but one node in a complex network of concepts and practices that delineate experience, and that scientific research and its moral valuation proceed interactively and iteratively. Indeed, we argue that it is incumbent on all parties implicated in the process of translation to reflect critically on the historical and cultural drivers of research, on the risks and benefits of different approaches in terms of the possible integration of emerging neurotechnologies should they become available for routine use in the psychiatric clinic, and on the effects of their sociocultural representation upstream of clinical translation. 
